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@ Cartx>n fluoride compositions. 

@ Carbon fluoride solid compositions having a 
low fluorine-to-carbon ratio are produced by 
chemical vapor deposition processes. These 
carbon fluoride compositions have improved 
wettability characteristics over polytetraf- 
luoroethylene. These compositions can be used 
as films, coatings on substrates, powders, and 
stand-alone articles. These carbon fluoride 
compositions are produced by energizing 
vapors comprised of compounds containing 
fluorine and carbon to cause them to degrade 
into fragments which are then condensed onto 
a substrate to form the carbon fluoride solids. 
These vapors can be energized by a variety of 
techniques, including hot filament techniques. 
The carbon fluoride solids find utility as films in 
aircraft de-icing, cookware, appliances, surgi- 
cal tooling, chemical processing, gaskets, se- 
als, diaphragms, packings, valve seats, 
windings, mold release components, extruder 
coatings, medical prosthetics, and other similar 
non-wetting applications. 
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Backgr und of the Invention 

Non-wettabie coatings have many applications, 
including medical prosthetics, surgical tools, aircraft 
de-icing, mold-release components, cookware, appli- 
ances, extruder coatings, chemical processing conv 
ponents, gaskets, seals, diaphragms, packings, lin- 
ings, valve seats, and the like where wetting is unde- 
sirable. 

Fluorocarbon polymers are well known, with poly- 
tetrafluoroethylene (PTFE), such as Du Pont TE- 
FLON®; polytetrafluoropropylene; and polyvinyli- 
dene fluoride, dating back more than 50 years. These 
fluorocarbon polymers are known to provide no n- wet- 
table coatings and find use in many of the applica- 
tions referred to above. 

Graphite fluoride, another fluorinated carbon, 
was reported in 1934 by Ruff and Bretschneider In Z. 
Annor. Allg. Chem. 1 (217). Graphite fluoride is pro- 
duced by direct fluorination of graphite carbon at 
about 600''C. The products are bulk white, non-aro- 
matic solids. The products yielded are gray/black ma- 
terials when the processing temperatures are re- 
duced. The composition of the graphite fluoride rang- 
es from CFo.5e-i.2* 

While the fluorocarbon materials known in the art 
find use in many applications, improvements are de- 
sired in certain properties such as wettability charac- 
teristics. It is also desirable to provide non-wettable 
materials with improved temperature and chemical 
resistance, tow friction, and high heat resistance. 

Summary of the Invention 

It Is an object of this invention to provide new car- 
bon fluoride solid compositions having a low fluorine- 
to-carbon ratio and improved wettability characteris- 
tics. 

It is another object of the present invention to pro- 
vide films and coatings on substrates comprised of a 
carbon fluoride composition having wettability char- 
acteristics superior to polytetrafluoroethylene. 

It is a further object of the present invention to 
provide a bulk mass of a non-wettable carbon fluoride 
composition which has high resistance to heat and 
chemicals. 

In another aspect, it is an object of the present in- 
vention to provide a method for depositing carbon flu- 
oride films and high adhesion coatings that are non- 
wettable and show resistance to both high tempera- 
tures and chemicals. 

It is yet another object of the present invention to 
provide a chemical vapor deposition process for pre- 
paring carbon fluoride compositions having a low flu- 
orine-to-carbon ratio. 

Other objects will be apparent from th detailed 
disclosur and claims which follow. 

The above objects are achieved by methods pro- 



vided by th present inv ntlon for preparing carbon 
fluoride compositions which compris nergizing vol- 
atile compounds containing fluorine and carbon, pre- 
ferably in an inert atmospher , so as to degrade th 

5 compounds into fragments and condensing the ener- 
getic fragments onto a substrate upon which the frag- 
ments may rearrange into less energetic, more stable 
forms. Condensation of the fragments can yield films, 
high adhesion coatings, and bulk materials of a solid 

10 carbon fluoride composition having a low fluorine-to- 
carbon ratio. 

Detailed Description of the Preferred 
Embodiments 

15 

The methods of this invention can provide ther- 
mally stable carbon fluoride films, high adhesion 
coatings, and bulk materials by degradation of vapors 
comprised of compounds containing fluorine and car- 

20 bon into fragments, followed by condensation of 
these fragments onto a substrate, preferably main- 
tained at a temperature lower than the fragments, but 
generally maintained at a temperature high enough 
for the fragments to have sufficient mobility and en- 

25 ergy to rearrange. 

The vapors of compounds containing fluorine and 
carbon preferably comprise any aliphatic, cycloali- 
phatic, or aromatic fluorocarbon which can be vapo- 
rized in conventional chemical vapor deposition 

30 equipment, preferably at temperatures below about 
200°C. These include those fluorocartyons which are 
gaseous at ambient temperature, such as tetraf luoro- 
ethylene, and those which are liquid, such as hexa- 
fluorobenzene. It is preferable for the compounds 

35 used not to contain atoms other than fluorine and car- 
bon. 

A preferred reactant is hexafluorobenzene, which 
is relatively high in molecular weight as compared to 
tetraf luoroethylene. Hexafluorobenzene can be ex- 

40 pected to provide larger fragments for condensation 
on the substrate than tetraf luoroethylene. Small 
amounts of hydrogen within fluorohydrocart>on start- 
ing materials may be tolerated, and small amounts of 
halogen within f luorochlorocarbon starting materials, 

45 such as those in the Freon® series, may also be tol- 
erated in the process of this invention; however, the 
structure and properties of the cariDon fluoride films 
produced may vary. 

The compounds containing fluorine and carbon 

50 can be vaporized by direct heating, or the vapor can 
be entrained in an inert gas such as argon, nitrogen, 
helium, and the like. This can be accomplished with 
compounds that are liquid at ambient temperature by 
bubbling a carrier gas through a heated volum of th 

55 compound. 

Vapor flow rates for the compounds containing 
fluorin and carbon into the reaction vessel can vary 
widely. The rate at which the vapor is fed into the re- 
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action vessel det rmin s th growth rate of th car- 
bon fluoride solid composition produc d. The desired 
flow rate will depend on th equipment and starting 
material utilized, in addition to the rate of deposition 
desired. For hexafluorobenzene, flow rates of about 5 
50 SCCM and pressures of about 5 psig in a conven- 
tional CVD apparatus have been found to be suitable 
where a deposition rate of 10 )im/hour is desired. 

The vapors of compounds containing fluorine and 
carbon are energized so as to degrade them into frag- io 
ments. This can be accomplished by (1) passing the 
vaporized compounds over a hot filament or through 
a hot furnace of suitable temperature or (2) exposing 
the compounds to microwave (RF) radiation of a suf- 
ficient intensity or (3) exposing the compounds to light is 
of a frequency which initiates photolysis. The present 
invention is not limited by these methods to produce 
the necessary fragments. 

Where a hot filament is used to energize the va- 
pors, preferred temperatures fall within the range of 20 
200-3000°C, most preferably in the range of 1500- 
2500°C. Temperatures within these ranges are also 
preferred where a hot furnace (oven) is used. The mi- 
crowave intensity necessary to energize the vapors 
vary with the vapor flow rate and the starting material 25 
utilized. Those skilled in the art can readily determine 
the intensity of microwave radiation necessary utiliz- 
ing a microwave (RF) generator with variable output. 
The frequency of light necessary for photolysis of the 
vapors will also vary with the starting material util- 30 
ized. Those skilled in the art can determine the nec- 
essary frequency for the starting material desired. 

Not wishing to be bound by theory, it is believed 
the degradation of the compounds containing fluor- 
ine and carbon produces fragments which are highly 35 
reactive; and, for this reason, it is necessary for the 
carrier gas utilized to be inert to these fragments. 

Following degradation, the fragments are con- 
densed onto one or more substrates, preferably main- 
tained at a temperature lower than that of the frag- 40 
ments. The reduced temperature provides a target 
surface within the reactor. The substrate preferably 
has a temperature in the range of 20-1000°C and 
most preferably in the range 200-500''C. Not wishing 
to be bound by theory, it is believed that the frag- 45 
ments react or recombine to form carbon fluoride 
compositions following condensation onto the sut>- 
strate. 

The ratio of fluorine to cart>on for the cartK)n flu- 
oride solid compositions of this invention is below 1.0. so 
Not wishing to be bound by theory, it is believed this 
film has a diamondlike structure with carbon atoms 
positioned in a tetrahedral network that is interrupted 
with bonds to fluorin . This theory is based on (1) 
properties observed in films produc d by the present 55 
invention which are similar to diamondlike carbon and 
distinct from polyt trafluoroethyl ne and (2) the 
known structure of cart)on chalcogenide composi- 
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tions produced by a simitar technique in cop nding 
Application Serial No. 07/545,152, filed June 28, 
1 990, which wilt issue on September 3, 1 991 , as U.S. 
Patent No. 5,045,355. and is assigned to the sam 
assignee as the present invention. 

The substrate on which the carbon fluoride solid 
compositions are deposited can be moving or station- 
ary and comprise any thermally stable material such 
as metals, ceramics, and plastics, including quartz, 
aluminum, ceramic glass, molybdenum, tungsten, 
stainless steel, polyimide, potassium bromide, and 
sodium chloride. 

The carbon fluoride solid compositions produced 
have been found to provide good coatings with high 
adhesion to the substrates on which they are formed. 
These coatings can be renrK)ved by conventional 
physical and chemical means to provide powders, 
films, or other bulk, stand-atone structures. The films 
and coatings can vary from submicron thicknesses, 
i.e., below about 0.01 fim, to 10,000 ^m. 

The carbon fluoride compositions deposited by 
the method of the present invention utilizing hexa- 
fluorobenzene have been found to have a contact an- 
gle in excess of 120** with water. For reference, TE- 
FLON® polytetraftuoroethylene has a contact angle 
of 92'' when tested using the same techniques, al- 
though higher values have been reported for TE- 
FLON® in the literature; this measurement indicates 
the carbon fluoride com F>osit ions of the present in- 
vention are significantly less wettabte than TE- 
FLON® films. 

The films and coatings produced by the present 
invention can be used for aircraft de-icing, cookware, 
appliances, surgical tooling, chemical process com- 
ponents, gaskets, seals, diaphragms, packings, valve 
seats, linings, mold-release components, extruder 
coatings, medical prosthetics, and other similar non- 
wetting applicatbns. 

Without further elaboration, it is believed that 
one skilled in the art can, using the preceding de- 
scription, utilize the present invention to its fullest ex- 
tent The following preferred specific embodiments 
are; therefore, to be construed as merely illustrative 
and not limitative of the remainder of the disclosure 
in any way whatsoever. 

In the foregoing and in the following examples, all 
temperatures are set forth uncorrected in degrees 
Celsius; and, unless otherwise indicated, all parts 
and percentages are by weight 

The entire disclosure of all applications, patents, 
and publications, cited above and below, are hereby 
incorporated by reference. 

EXAMPLE 

Aconv ntional chemical vapor deposition device 
was utilized to p rform the process of the present in- 
vention and obtain carbon fluoride compositions. This 
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device is described with greater particularity in Applica- 
tion Serial No. 07/545.152, filed June 28, 1990. which 
will issue September 3. 1991. as U.S. Patent No. 
5.045.355. 

Argon gas at 21 psig was allowed to flow through 5 
a hexafluorobenzene liquid, which was heated to 
50°C to yield a gas mixture. The flow rate of this gas 
mixture into the quartz reactor of the chemical vapor 
deposition device was regulated with a needle valve 
positioned adjacent to the source of the gas mixture. io 
The flow rate was maintained at a value of about 50 
SCCM at 5 mm Hg pressure with the aid of a vacuum 
exhaust. The gas mixture flowed over a heated tung- 
sten filament positioned within the quartz reactor. 
The filament was maintained at a temperature of is 
about 2000°C. An optical pyrometer was used to de- 
termine the filament temperature. A silicon wafer was 
positioned within the quartz reactor beneath the fila- 
ment to function as the target substrate. Its position 
was adjusted to be at)out 1 cm below the heated f ila- 20 
ment. The temperature of the substrate was not con- 
trolled during operation of the chemical vapor depos- 
ition apparatus. 

Metal/black coatings of solid carbon fluoride ap- 
peared on the silicon wafer with in minutes of commenc- 25 
ing the process. Growth rates of more than 1 0 microme- 
ters/hour were observed. After a number of hours, the 
filament was switched'off and the substrate allowed to 
cool. The coated substrate was then tested for wettabil- 
ity with water. The coatings produced were found to 30 
have a contact angle determined with water in excess 
of 120°. In contrast, bulk TEFLON® (polytetrafluoro- 
ethylene) was found to have a contact angle of 92° when 
measured by the same technique. 

The preceding example can be repeated with 35 
similar success by substituting the generically or spe- 
cifically described reactants and/or operating condi- 
tions of this Invention for those used in the preceding 
example. 

From the foregoing description, one skilled in the 40 
art can easily ascertain the essential characteristics 
of this invention and, without departing from the 
scope thereof, can make various changes and modi- 
fications of the invention to adapt it to various usages 
and conditions. 45 



Claims 

1. A method of preparing thermally stable carbon so 
fluoride solid compositions, wherein vapors com- 
prised of compounds containing fluorine and car- 
bon are energized so as to degrade the com- 
pounds into fragments and th fragments are 
condensed onto a substrate to form said carbon 55 
fluoride solid compositions. 

2. A method as in daim 1 . wherein the vapors conv 



prised of compounds containing fluorin and car- 
bon are energized by passing over a hot filament 
or through a heated furnace maintain d at a tenv 
perature within the range of about 200-3000°C. 

3. A method as in claim 1. wherein the vapors are 
energized by exposure to microwave (RF) radia- 
tion or light of a frequency suitable to initiate pho- 
tolysis. 

4. A method as in any preceding claim, wherein the 
substrate is maintained at a temperature below 
that of said fragments. 

5. A method as in any preceding claim, wherein the 
compounds containing fluorine and carbon are 
aliphatic, cycloaliphatic. or aromatic fluorocar- 
bons, fluorohydrocarbons. or fluorochlorocar- 
bons which can be vaporized at temperatures be- 
low about 200°C at atmospheric pressure. 

6. A method as in any preceding claim, wherein the 
compounds containing fluorine and carbon are 
entrained in an inert gas to provide a vapor mix- 
ture. 

7. A method as in any preceding claim, wherein the 
fluorocarbon is hexafluorobenzene or tetra- 
fluoroethylene. and the carbon fluoride solid 
composition is deposited at a rate of about 1 0 ^nv 
/hour to a total thickness in the range of 0.01 \xm 
to about 10,000 ^m. 

8. A process as in any preceding claim, comprising 
the additional step of removing from said sub- 
strate the carbon fluoride solid composition 
formed thereon. 

9. A carbon fluoride solid composition, wherein the 
ratio of fluorine to carbon is less than 1 . 

10. A carbon fluoride solid composition consisting 
essentially of fluorine and carbon at a ratio of less 
than 1 having a contact angle with water which is 
greater than polytetrafluoroethylene. 

11. A carbon fluoride solid composition in the form of 
a film or coating having a contact angle with wa- 
ter greater than 100°. 

12. A carbon fluoride solid composition comprised of 
condensed fragments of vaporized compounds 
containing fluorine and carbon. 

13. A carbon fluoride solid composition as in claim 
12, wherein the vaporiz d compounds containing 
fluorin and carbon comprise hexafluorob n- 
zene or tetrafluoroethylene. 



